Data regarding the association between subclinical thyroid dysfunction and clinical outcomes in ischemic stroke patients with intravenous thrombolysis (IVT) are limited. We aimed to investigate the predictive value of subclinical thyroid dysfunction in END, functional outcome and mortality at 3 months among IVT patients. We prospectively recruited 563 IVT patients from 5 stroke centers in China. Thyroid function status was classified as subclinical hypothyroidism, subclinical hyperthyroidism (SHyper) and euthyroidism. The primary outcome was END, defined as ≥ 4 point in the NIHSS score within 24 h after IVT. Secondary outcomes included 3-month functional outcome and mortality. Of the 563 participants, END occurred in 14.7%, poor outcome in 50.8%, and mortality in 9. 1.86-9.68, P = 0.003], 3-month poor outcome (OR, 3.24; 95% CI, 1.43-7.33, P = 0.005) and mortality [hazard ratio, 2.78; 95% CI, 1.55-5.36, P = 0.003]. Subgroup analysis showed that there was no significant relationship between SHyper and clinical outcomes in IVT patients with endovascular therapy. In summary, SHyper is associated with increased risk of END, and poor outcome and mortality at 3 months in IVT patients without endovascular therapy.
INTRODUCTION
Intravenous thrombolysis (IVT) with recombinant tissue plasminogen activator is an approved medical reperfusion treatment in acute ischemic stroke patients [1] . Recent studies revealed that a substantial fraction of patients cannot virtually recover but experienced early worsening following IVT, which were termed as early neurological AGING deterioration (END) [2] . In fact, END may be accountable for living in dependence and even death, which were not surprisingly found in about half of the stroke survivors, despite IVT [3, 4] . Besides, older age, hyperglycemia, stroke severity, infarct volume, and vascular occlusion have been reported to be associated with a potentially increased risk of poor functional outcome after IVT [3, 5] . However, clinical outcomes are not easily foreseen at the initiation of the therapy as most of the current clinical-radiological risk factors are nonspecifc (e.g., advanced age, stroke severity, symptomatic intracerebral hemorrhage, etc.). Therefore, it is essential to detect a potentially useful biomarker, which is involved in the underlying pathophysiological pathway and confers significant predictive value regarding therapy outcomes after IVT.
Subclinical thyroid dysfunction is a common endocrine condition among general population, including a prevalence reaching up to 15% for subclinical hypothyroidism (SHypo), and 12% for subclinical hyperthyroidism (SHyper) [6] [7] [8] [9] . The cardio-cerebral vascular system is one of the major targets of thyroid hormones [6, 10, 11] . SHypo has been displayed to propagate vascular risk factors, such as hyperlipidemia [12] , metabolic syndrome [13] and vascular stiffness [14] . SHyper has been proved to promote vascular damage by numerous ways, including facilitating hypertension, maintaining hypercoagulable state and causing endothelial dysfunction [15, 16] . Intriguingly, researchers found that ischemic stroke patients with SHypo or SHyper exhibited totally opposite outcomes [17, 18] . SHypo has been reported to be associated with favorable prognosis, while SHyper is related to poor outcomes.
IVT for acute ischemic stroke is often associated with hemorrhagic complications, such as symptomatic or asymptomatic intracerebral hemorrhage, mucosa bleedings and ecchymosis [19] . Thyroid diseases associated with thrombolysis are extremely rare. However, cases of thyroid hemorrhage have been reported [20, 21] . Besides, rt-PA can liberate bradykinin, causing vasodilation and capillary leakage in thyroid [22] . Recently, a case of transient thyroid edema has been confirmed following intravenous thrombolysis for acute ischemic stroke [23] . Thus, we hypothesized that IVT treatment may change the roles of thyroid function in predicting the clinical outcomes of ischemic stroke patients. Several cross-sectional studies have validated the predictive effects of thyroid function on prognosis in ischemic stroke patients [17, 18, 24] , while there are yet no data on the prognostic value of subclinical thyroid dysfunction patterns in ischemic stroke patients treated with IVT. Herein, we aimed performed this prospective cohort to identify whether a potential prognostic value was existed in thyroid function in relation to short-and long-term outcomes of IVT patients and whether different dysfunction patterns would possess distinct prognostic values.
RESULTS
Finally, 563 ischemic stroke patients (mean age, 67.0 ± 11.8 years; 58.4% male) with thrombolytic therapy were recruited. Flow chart of patient inclusion was present in Figure 1 . The baseline characteristics between patients included and patients excluded were shown in Table 1 .
After admission, SHypo, SHyper and euthyroidism were found in 96 (17.1%), 56 (9.9%) and 411 (73.0%) patients, respectively. END was observed in 83 (14.7%) patients. Of the 563 patients, 50.8% developed poor outcome, and 9.4% died at 3 months. Compared with euthyroidism, patients with SHypo had a higher prevalence of diabetes and coronary heart disease, higher triglyceride levels, but a lower baseline NIHSS score. Furthermore, hypertension, END, poor outcome and mortality at 3 months were more common in patients with SHyper compared with patients with euthyroidism (Table 2) . Table 3 demonstrated the baseline data of the study population according to clinical outcomes. Patients with END were older, had higher prevalence of endovascular therapy, vascular occlusion, sICH, large artery atherosclerosis and SHyper, and had higher baseline NIHSS score, onset to treatment time, fasting blood glucose and homocysteine levels. The ASPECTS score at 24 h was lower in patients with END than those without. Furthermore, endovascular therapy, vascular occlusion, sICH, and SHyper were more frequent in patients with 3month poor outcome and mortality.
Univariate regression analysis demonstrated that SHyper was associated with increased risk of END [odd ratio (OR), 3.26; 95% confidence interval [CI], 1.75-6.06, P = 0.001], 3-month poor outcome (OR, 2.51; 95% CI, 1.36-4.63; P = 0.003) and mortality [hazard ratio, 3.98; 95% CI, 2.24-7.43, P = 0.001]. Furthermore, after adjusting for age, sex, cardiovascular risk factors, center and variables with P < 0.05 in univariate analysis, this association did not significantly attenuate. However, no association was found in SHypo with clinical outcomes after IVT (Table 4 ).
Eighty-five (15.1%) patients received endovascular therapy after admission. Results of subgroup analysis according to the IVT patients with or without endovascular therapy were listed in Table 5 . For the patients receiving IVT followed by endovascular therapy, SHypo showed a trend for predicting 3-month poor outcome (adjusted OR, 0.27; 95% CI, 0.08-1.06; P AGING = 0.057), but not for END and mortality. However, no association was found in SHyper with clinical outcomes among these patients.
Kaplan-Meier curve revealed that mortality at 3 months was significantly higher in patients with SHyper when compared with euthyroidism. No association was detected in mortality between patients with SHypo and euthyroidism (Figure 2 , log-rank test, P = 0.001).
DISCUSSION
In this large prospective cohort study of 563 ischemic stroke patients underwent IVT, we demonstrated that SHyper may increase the risk of END, poor outcome and mortality at 3 months in IVT patients without endovascular therapy.
The incidence of 14.7% for END in our study is similar to two recently published series of IVT-treated patients sharing the same END definition [25, 26] . Several risk factors have been postulated to lead to thrombolysis END, such as high blood glucose, hemorrhagic transformation, thrombus extension, and persistent arterial occlusion [25] [26] [27] . Data is scarce regarding the effect of neuroendocrine factors on mediating clinical outcomes after IVT. It is now believed that thyroid dysfunction is a potential mediator of the presence and outcome of cerebrovascular diseases. SHypo has been reported to be associated with favorable prognosis, while SHyper related to poor outcomes [17, 18] . Several other studies demonstrate that SHypo and elevated serum TSH level were correlated to increased risk of atherosclerosis [28, 29] . Cases of severe SHypo showed obvious exacerbation of carotid atherosclerosis [28] . In contrast, Cikim et al. found that SHypo was not associated with carotid atherosclerosis, but rather with decreased carotid artery intima-media thickness [30] . Interestingly, our present data did not show a remarkable association of SHypo with large artery atherosclerotic ischemic stroke and vascular occlusion. Some of these discrepancies might be explained at least in part by differences concerning the study population and methodology, especially the assessment of subclinical thyroid dysfunction. More recently, high TSH levels were demonstrated to be independently correlated with a decreased risk of NIHSS score ≥ 5 at admission (prevalence proportion ratios, 0.62; 95% CI, 0.41-0.94, P = 0.024 for 3 rd tertile vs. 1 st tertile) [31] . In addition, patients with high TSH levels may have a better functional outcome at discharge [31] . To our best knowledge, this is the first prospective study that assessed subclinical thyroid dysfunction pattern specifically in relation to clinical outcomes in IVT patients and found that SHyper may increase the risk of END and worse outcome at 3 months. Consistent with our hypothesis, the multivariable logistic regression analysis revealed an independent association between SHyper and END even after adjusting for age, NIHSS score, stroke subtypes, onset to treatment time, sICH, fasting blood glucose levels, homocysteine levels, ASPECTS score at 24 h after thrombolysis and vascular occlusion.
AGING
There are several mechanisms that might explain for the negative effects of SHyper on worse outcome in patients receiving IVT. Firstly, elevated concentrations of thyroid hormones are associated with an increase in metabolic rate and hyperactive condition in neural tissues, which would be susceptible to the amplitude of neurological damage after ischemia-reperfusion [32] . Secondly, SHyper can cause hypercoagulable state [16, 33] , negatively affecting the utility of IVT. Also, pro-inflammatory in SHyper is prone to result in endothelial dysfunction [16] , an important pathogenetic role in the progression of stroke and unfavorable outcomes.
In the subgroup analysis of patients treated with IVT followed by endovascular therapy, SHypo showed a protective effect on functional outcome at 3 months. A reduced response under condition of SHypo has been viewed as a protective preconditioning before stroke [7, 17, 24] . Additionally, long-lasting SHypo inducing atherosclerosis in cerebral vessels may also contribute to the development of collateral vessels, which has been widely accepted to be associated with better clinical outcome after endovascular therapy [34] . However, we could not establish an association of SHyper with worse outcome in these patients. These results should be extended and confirmed in future studies.
The strengths of our study include its prospective design and multiple-centers with large sample size. Also, there are limitations to this study that should be considered when interpreting the results. Firstly, some studies have shown the association of neuro-imaging markers such as thrombus extension, persistent arterial occlusion and vascular recanalization with END. However, these markers were not measured in this AGING study, and we did not exclude effects of these markers on END. Also, we cannot totally exclude the potential effect of other undetected factors such as drug, stress induced by stroke, disease status and genetic predisposition on the level of thyroid function. Secondly, FT3, FT4, and TSH concentrations were measured only once at admission. A serial test would also be useful in verifying the role of thyroid function as a predisposing factor on acute stroke outcomes. Finally, several patients transfer to other hospitals or discharge early, presumably because of severe neurological deficit. Exclusion of such patients might have underestimated the prevalence of END and poor outcome.
In conclusion, this study illustrates that SHyper might be associated with increased risk of END, 3-month poor outcome and mortality in IVT patients without endovascular therapy. The potential benefits of screening and intervention of thyroid function on early clinical recovery require further exploration in ischemic patients underwent IVT. 
MATERIALS AND METHODS

Study population
From January 2017 to March 2018, we consecutively recruited acute ischemic stroke patients underwent IVT within 4.5 h of symptom onset at 5 stroke centers in China (Nanjing First Hospital, Mianyang Central Hospital, The First people's Hospital of Yulin, The Third People's Hospital of Nantong, and Jiangsu Provincial Second Chinese Medicine Hospital). Patients treated with a bridging therapy consisting of IVT followed by endovascular therapy were also included. Exclusion criteria were as follows: (1) hospital transfer or discharged within 24 h; (2) pre-stroke modified Rankin Scale (mRS) score > 2; (3) pre-existing thyroid glands diseases, anti-thyroid medications, or diseases that might affect thyroid function [35, 36] ; (3) defined as any of the following thyroid function alterations after admission: implausible thyroid function, biochemically defined overt thyroid disease, and non-thyroidal illness syndrome [37] . All participants signed a written consent form, and the study protocol was approved by the Institutional Review Board at each hospital.
Clinical data collection and assessment criteria
Data collection was performed by neurologists with experience in stroke care using a standardized case report form. We recorded baseline characteristics, including demographics, cardiovascular risk factors AGING (including hypertension, diabetes, hyperlipidemia, smoking, drinking, and atrial fibrillation) and previous medication. Moreover, body mass index, blood pressure, onset to-treatment time, imaging data, and stroke subtype were also recorded. In this study, symptomatic intracerebral hemorrhage (sICH) was defined according to the European Cooperative Acute Stroke Study II (ECASS-II) trial [38] . All computed tomography images at admission and 24 h after IVT were calculated for the Alberta Stroke Program Early CT Scores (ASPECTS) [39] . Computed tomography angiography, magnetic resonance angiography or digital subtraction angiography was performed to identify the affected vessel. Stroke subtype was classified according to TOAST (Trial of Org 10172 in Acute Stroke Treatment) criteria [40] .
Thyroid function tests
Blood samples were obtained from all patients within 24h after onset, and collected in chemistry test tubes. After centrifugation, serum samples were separated, and kept frozen at −80 °C for later analysis. Free triiodothyronine (FT3), free thyroxine (FT4), and thyroid stimulating hormone (TSH) levels were determined for each patient by electrochemiluminescence immunoassay (Abbott Architect i2000, Abbott Diagnostics, Abbott Park, IL, USA). In accordance with previous studies [9, 18] , levels of thyroid function were defined as SHyper [0.1 < TSH < 0.45 mIU/L], and SHypo (TSH: 2.50-19.99 mIU/L) with thyroid function test results. Patients with serum TSH levels between 0.45-2.49 mIU/L were considered as control group. Reference ranges for FT4 were 11.58-23.16pmol/L and for FT3 were 3.54-6.46pmol/L.
Clinical outcomes measurement
The primary outcome was END, which was defined as an increment of at least 4 point in total NIHSS score between admission and within 24 h after IVT (2) . During a follow-up at 3 months after the index stroke, all patients were assessed for clinical outcome using the modified Rankin Scale (mRS) by neurologists who were blinded to clinical data. The following secondary outcomes were recorded: (1) functional outcome: categorized as good (mRS score of 0-2) and poor (mRS score of 3-6); (2) mortality.
Statistical analysis
All statistical analysis was done with SPSS software, version 23.0 (SPSS Inc., Chicago, IL). Continuous variables were summarized as mean ± standard deviations (SD) or medians with interquartile ranges (IQR) and compared by Student's t test or Mann-Whitney U test as appropriate. Categorical variables were expressed as percentages and analyzed with the chisquare test or Fisher's exact test, as appropriate. Binary logistic regression analysis was designed to describe adjusted estimates of the association of subclinical thyroid dysfunction with END and poor outcome at 3 months. Cox's proportional hazard regression analysis was performed to estimate the hazard ratio for mortality. All regression analyses were first adjusted for age, sex, cardiovascular risk factors and center (Model 1), and additionally adjusted for variables with P < 0.05 in univariate analysis (Model 2). We also used Kaplan-Meier curve to calculate 3-month survival probabilities.
In all analyses, P < 0.05 was considered as statistically significant.
